This paper uses data on 57 firms over the period 1980-2007 to investigate profit persistence. We add to this literature by considering an asymmetric autoregressive model which allows the parameter governing persistence to vary between positive and negative profits relative to normal profits. Thus, we are able to differentiate between entry and exit as conduits of the competitive model. Should the persistence parameters be asymmetric, then this sheds light on whether the threat of entry or exit is more dominant in asserting the competitive equilibrium. Such information may be of importance to policy makers in establishing competition legislation. We find firms with profits above normal are firms that have high barriers to entry and exit while firms with below normal profits have low barriers to entry and exit. 
Introduction
The degree of persistence in firm profits remains an open question in the empirical literature.
From a theoretical standpoint the competitive process should eliminate abnormal profits. That is, where a firm is making excess profits then competitor firms should enter the market offering the same product at a lower price until profits return to the competitive rate. Similarly, firms whose profits are below the average rate will either be eliminated as investors move to markets with a higher profits rate or the firms will take measures to return to average market profit. However, in research dating back to Mueller (1977 Mueller ( , 1986 and extended by Geroski and Jacquemin (1988) and Geroski (1990) the effectiveness of this competitive model has been questioned. In particular, this line of research established that profit persistence measures can be estimated using an autoregressive model of order one, and showed that persistence measures were not always consistent with the competitive equilibrium model. This early work led to, what has become known as the persistence of profits literature. In this developing literature, for which examples include, Cubbin and Geroski (1990) , Schohl (1990) , Droucopoulos and Lianos (1993) , Kambhampati (1995) , Wilson (1996, 1999) , McGahan and Porter (1999) and Glen et al (2001) , measures of profit persistence are often large and inconsistent with competitive equilibrium. Even allowing for abnormal profits due to entry and exit barriers and the advantages that accrue with first-mover advantage, profit persistence is too high, for example, Mueller (1990) concluded that profits persist in a range of West European and North American economics, while, Maruyama and Odagiri (2002) likewise conclude that profit persistence is too high in a selection of Japanese firms. Similarly, Gschwandtner (2005) reports that profits persist for a period of over fifty years in US firm data.
As noted, the methodology typically applied in measuring the persistence of profits is based around a first-order autoregressive model, with few departures from this approach. A few exceptions to this include Gschwandtner and Hauer (2007) who consider a fractional integration approach and report evidence of both long-range dependency and non-stationarity. While Crespo Cuaresma and Gschwandtner (2006) consider a non-linear three-regime threshold model, with a middle random walk regime and symmetric reverting outer behaviour and report lower levels of persistence than typically in linear studies.
This paper seeks to contribute to the existing literature in two ways. First, we update the results to include a more recent time period than the existing research. Our data set extends until 2007, whereas much of the existing literature uses data that does not include the 2000's. This may be of importance given the significant stock market turbulence over the period, as well as the preceding bubble, which has led to substantial turnover of firms, entering and exiting. The second, and perhaps more significant, aim of the paper is to consider an asymmetric autoregressive model. While the work of Crespo Cuaresma and Gschwandtner (2006) considered non-linear estimation, they retained symmetry of the persistence parameter. This paper allows the parameter governing persistence to vary between positive and negative profits relative to the norm. Thus, we are able to differentiate between entry and exit as conduits of the competitive model. That is, while the above work assumes that the persistence of profits is equal regardless of whether any particular firm is faced with possible exit or the threat of competitor firms entering, our modelling approach allows direct testing of this. Moreover, should the persistence parameters be asymmetric, then this sheds light on whether the threat of entry or exit is more dominant in asserting the competitive equilibrium. Such information may be of importance to policy makers in establishing competition legislation.
The rest of the paper follows with Section 2 that reviews the key literature, Section 3 that presents the empirical methodology, Section 4 that introduces the data and empirical results and Section 5 that summarises the findings and presents the key implications of the results.
Literature Review
Beginning with the work of Mueller (1977 Mueller ( , 1986 there has been a growing literature that attempts to deal with the empirical puzzle of the competitive environment hypothesis. Although the competitive process should eliminate profit differentials between different firms/industries, in the long-run, this is not what is observed in the empirical literature. The theory states that if a firm has excess profits the competitors will enter the market offering similar products at lower costs until the profitability in the market equals the competitive profit rate. If firms have profits that are below average, firms will move to markets with higher profits and firms with below average profits will go out of business unless corrective measures are introduced, restoring at least normal profits. However, this theory does not have empirical support in the literature and profits seem to persist.
Some of the papers that have found evidence for profit persistence for different countires and different time periods include Yamawaki (1986, 1990a,b) , and Odagiri and Hayawaki (1990) and Maruyama and Odagiri (2002) for Japan, Geroski (1987,1990) and Wilson (1999), Gschwandter (2005) and Gschwandter and Hauser (2007) for the UK, Geroski and Jacquemin (1988) for the UK, France and Germany, Schwalbach, Grasshof, and Mahmood (1989) for Germany, Khemani and Shapiro (1990) for Canada, for Japan, Schohl (1990) for Germany, Mueller (1990a) for many countries, Mueller (1990b) and Waring (1996) for the US, Schwalbach and Mahmood (1990) for Germany, Kambhampati (1995) for India, McGahan and Porter (1999) , Cable et al. (2001) , Glen et al. (2001) for nine developing countries, Ioannidis, Peel, and Venetis (2003) , Yurtoglu (2004) for Turkey.
1 Yurtoglu (2004) , examining Turkey, tries to answer three questions that are central to industry dynamics; i) do competitive forces successfully eliminate excess profits? ii) how quickly does the erosion process take place? And iii) which factors account for the observed differences in profit persistence and for the speed of adjustment to the norm? His analysis of firm persistence of firm level profitability in Turkey reveals that the intensity of competition in Turkey is no less than that in developed countries. Glen et al. (2001) analyses the persistence of profitability and competition in seven emerging markets and concludes that the intensity is greater in emerging markets than in developed economies.
The existence of a unit root in firm-level profitability series should indicate that shocks to profitability persist indefinitely and that competitive pressures never erode differences in profitability. One unit root test used often is the Augmented Dickey-Fuller (ADF) test which tests for stationarity. A common problem with these tests is that they have low power against a stationary alternative (Crespo-Cuareshma and Geschwandtner 2006). Yurtoglu (2004) have Dickey-Fuller (DF) tests that fail to reject the null in only 56 out of 172 cases.
2 Kambhampati (1995) and Goddard and Wilson (1999) investigate stationarity of profits. Kambhampati (1995) and Goddard and Wilson (1999) find that the coefficients on lags in an autoregressive model greater than one were in the majority of cases insignificantly different from zero. Geroski and Jacquemin (1988) A second industry characteristic that would expected to be related to profit persistence is the size of the industry, measured by the number of firms in the industry. One would expect that the higher the number of firms in the industry, the stronger the competition and therefore less profit persistence. The growth rate of the industry is also an important factor in explaining profit differentials but its net effect is ambiguous. In industries with rapid growth it might be more difficult for incumbents to maintain their market share and oligopolistic discipline thereby profits might decrease. On the other hand, if output is growing fast, firms are not under pressure to reduce prices in order to increase sales and therefore profit differentials might be maintained over time. Kambhampati (1995) found a positive and small, but highly significant, coefficient when looking at industry growth and profit persistence. Market share is an important determinant of profitability. The higher the market share (and size of firms), the higher the profitability. The standard deviation of rates of return have been found to be related to profitability. (2007) analyze the dynamics of profits for 156 US manufacturing companies which managed to survive from 1950 to 1999. Fractional integration is the methodology used. They argue that this is a plausible estimating procedure over the conventional autoregressive process used in previous work.
Geschwandtner and Hauser

Methodology
The methodology of the paper follows the approach of Mueller (1986) and other persistence of profit studies. Let it Γ denote firm i's profit rate defined as profits (net income) divided by its total assets in year t. To remove the variations in it Γ due to business cycle factors, this measure of profit rate is transformed as the relative deviation from an economy-wide measure of profitability in year t, t Γ :
A firm's profitability in year t, it π , is assumed to consist of three components: (1) a competitive return c common to all companies; (2) a permanent rent r i specific to firm I; and (3) a short-run rent s it which is also firm specific and tends to erode over time:
In a perfectly competitive world no firm would be able to earn a rate of return on capital above the competitive return (c), implying that r i = 0 and E(s it ) = 0, as ∞ → t . It is further assumed that short-run rents are correlated over time so that short-run deviations from long-run rates of return may need some periods to reach their competitive level. A reasonable assumption concerning the adjustment process of s it is that they are intertemporally related but converge on zero, Both parameters are informative and incorporate two views about the competitive process (Geroski, 1990, p. 28) . Profits observed at any time reflect the degree of competition in a market and in this neoclassical sense competition can be defined as a state which requires that ĉ ip = π for all firms (ignoring risk). On the other hand, since high profits attract entry, current profits also cause changes in the degree of competition, thus affect its intensity in the near future. This second Schumpeterian notion views competition as a process in which the forces of entry are strong and rapid enough to bid away profits, i.e., as a process, which requires that 0 = Some studies employ autoregressive parameters greater than unity. In this case the longrun projected profit rate becomes:
Where L is the number of lags of the AR process and
is the speed of adjustment parameter. Glen et al. (2001) find for example that AR(2) is a better method to model profitability. Cable et al. (2001) find in a sample of time series for 53 UK manufacturing firms systematic evidence of cycles (which are usually modelled as AR(2) processes). Our study employs an AR(1) process as test for higher order AR terms indicated that these higher AR terms were insignificant. The tests for stationarity and convergence employed in the present study are going to be discussed in a later section.
One drawback in using firm-level data is that a long time-series, which is often desired to improve the reliability of statistical tests, is not available. Therefore, in addition to considering the AR regression in equation (5) for each individual firm, we also considered pooled estimation.
Hence, we estimate:
One issue key issue in pooled estimation is to whether to consider fixed effects or random effects. Fixed effects estimates a different intercept for each member of the pool, while random effects treats the intercepts as random variables across members of the pool. The fixed effects estimator essentially allows a different constant to be estimated for each member of the pool, while the random effects model assumes a common constant but with a cross-section specific random error term. In estimating the random effects model this error term must be uncorrelated with the regression error term as well as other regressor variables. In order to choose between the two approaches we can conduct the Hausman specification test. This test compares the fixed versus random effects under the null hypothesis that the individual effects are uncorrelated with the other regressors in the model (Hausman 1978) . If correlated (the null hypothesis is rejected), a random effect model produces biased estimators, so a fixed effect model is preferred.
The model estimated in equation (5) for individual firms and equation (8) for the pool of firms assumes that the process of reversion back to normal profit is symmetric regardless of whether the starting position is above or below normal profit. That is, estimating a single persistence parameter, λ, assumes that the persistence of profits is the same for a firm who experiences above normal profit and may be vulnerable to entry as for a firm who experiences below normal profit and may be vulnerable to exit. In other words the competitive pressures of entry and exit impact firms identically. We offer some discussion/theory on entry/exit factors and why they maybe asymmetric. In order to consider asymmetry between positive and negative profit deviations from the norm we extend equation (5) (9) where I t-1 is an indicator variable that equals 1 if profit is above normal (π it >0) an and zero if profit is below or equal to normal (π it ≤0). Thus, we are interested in whether λ 1,i =λ 2,i . Should a test of this hypothesis be rejected then it supports asymmetry in the adjustment path according to whether profits are above or below normal, that is whether entry or exit effects dominate.
Estimation Results
Annual data is collected on 57 UK non-financial firms over the time period from 1980-2007. The measure of profits is return on assets (return on equity was also consider with similar results) defined as net income over total assets. The individual profit measures were standardised to account of economy-wide variations as discussed in equation (1). Some simple descriptive statistics are reported in Table 1 , while Figure 1 presents the distribution (density) of the profits rates, which is smoothed using the Epanechnikov kernel function. The evidence in this table and graph shows that while the mean value is close to zero, there is substantial variation and a highly non-normal distribution, with evidence of negative skewness and leptokurtosis.
The estimates of the persistence parameter λ are presented in Table 2 for each individual firm, while Figure 2 and Table 3 present the same information in a more accessible fashion. In particular, Figure 2 presents the density function, while Table 3 groups the estimated persistence parameter. The evidence from this set of information suggests that profit persistence in the data is typically positive, although some negative values are reported. Furthermore, the value of the parameter is in the range 0-0.5 for the majority of the series considered (approximately 60%).
However, notwithstanding this, a quarter of the series do exhibit a high degree of persistence and hence low reversion of profits back to normal (equilibrium). Nonetheless, the highest persistence parameter is estimated at 0.78, which is not suggestive of non-stationary behaviour. In order to provide some further interpretation to the raw persistence figures, Table 2 Table 4 for the fixed effects and random effects model. In both model specifications the autoregressive parameter is positive and significant suggesting some persistence in profits. However, the two specifications disagree as the extent of the persistence, in particular, the random effects model suggests a high degree of persistence, whereas the fixed effects model suggest a more moderate measure (although still suggesting a reasonable degree of profit persistence). In order to discriminate between these two specifications we conduct the Hausman test, the null of which is that the individual effects are uncorrelated with the other model regressors. Should the null be rejected then the fixed effect model is preferred, while the estimates of the random effects model will be biased. The results of the Hausman test are reported in row five of Table 4 and indeed suggest rejection of the null hypothesis, bias in the random effects coefficient estimates and preference for the fixed effects model. Table 5 presents the results of the TAR model in equation (9). Here a different picture from the linear AR(1) model is presented. The range of values that the estimated parameters now take varies widely and indicates evidence of local non-stationary behaviour. This can be seen more clearly in Figure 3 and Table 6 where the same information as for the linear AR model is presented, in terms of the distribution of the persistence parameter across the regimes. For example, in Figure, which presents the density graphs, there are several examples of persistence values being greater than one (in absolute terms), particularly so for the above average profits regime. In terms of comparing the two parameter values for each firm, the value of λ associated with above normal profits is typically higher than the value of λ associated with below normal profits. For all firms with above normal profits the average value of λ is 0.60. For all firms with below normal profits the average value of λ is 0.20. Moreover, out of the 54 firms for which the TAR model is estimated for firms with above normal profits the value of λ is largest for 33 firms (61%). This evidence points to the view that persistence is higher for above average profit firms, suggesting that the factors determining entry are less effective in restoring the competitive equilibrium than the factors determining exit. In order to determined whether there is any statistical difference in the estimated coefficients, for each regression we conduct a Wald test of the null hypothesis λ 1,i =λ 2,i . The results of the Wald test are also reported in Table 5 . These statistics indicate that for only twelve series do we find a statistically significant difference (at the 10% significance level), however, one must consider the small number of data points.
We now turn our attention to the pooled estimation. The pooled estimation results are reported in the second and third row of Table 4 , while the accompanying Wald coefficient equality test is reported in row four and the appropriate Hausman test is reported in the sixth row. The results for both the fixed effects and random effects model suggest that persistence is higher for above average profits than for below average profits. Moreover, on the basis of the Wald tests these differences are statistically significant, while again the Hausman tests supports the fixed effects model and suggest possible bias within the random effects model. Thus, the results of the TAR model suggest that above normal profits persist significantly longer than below normal profits, in other words the competitive forces governing entry are less effective in restoring the competitive equilibrium than the forces governing exit.
The above results suggest that firms with above normal profits have high barriers to entry and exit. Those firms with profits below normal have low barriers to enter and exit. One argument for the above finding is that those firms where entry and exist is easy (profits above normal) have become efficient and have developed economies of scale, both forcing out inefficient firms. These firms will find that they have little incentive to leave the industry and have erected barriers to entry, with firms having little incentive to exist. In contrast, those firms that have profits below normal, find exist and entry easy. These firms may be inefficient and have small barriers to entry and exit. These lead to below normal profits as competitive pressures operate.
Conclusions and Policy Implications
A large body of research has been written over the years on profit persistence yet questions still prevail in the empirical literature. With some exceptions, the methodology employed in this literature to measure persistence of profits is base on a first-order autoregressive model. This paper seeks to extend the existing literature in two ways. First, we update the results to include a more recent time period than the existing research. Our data set employs 57 firms and conducts estimation over the period 1980-2007, whereas most of the existing literature uses data that stops before 2000. This may be of importance given the significant stock market turbulence over the period, as well as the preceding bubble, which has led to substantial turnover of firms, entering and exiting. The second, and perhaps more significant, aim of the paper is to consider an asymmetric autoregressive model. This paper allows the parameter governing persistence to vary between positive and negative profits relative to normal profits. Thus, we are able to differentiate between entry and exit as conduits of the competitive model. Moreover, should the persistence parameters be asymmetric, then this sheds light on whether the threat of entry or exit is more dominant in asserting the competitive equilibrium. Such information may be of importance to policy makers in establishing competition legislation.
We find that there is a great degree of profit persistence in our sample. We find this to be true using univariate analysis as well as pooled fixed affect analysis. We find firms with profits above normal are firms that have high barriers to entry and exit while firms with below normal profits have low barriers to entry and exit. 
